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CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of Korean Patent Application No. 2001-26782 filed 
on May 16, 2001, in the Korean Industrial Property Office, the disclosure of which is 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0002] The present invention relates to an optical recording medium, and more particularly, to 
an optical recording medium having wobbled tracks on which a wobble signal is recorded, an 
apparatus and method of recording the wobble signal, and an apparatus and method of 
reproducing the wobble signal. 

2. Description of the Related Art 

[0003] Recordable optical discs such as a Digital Versatile Disc-RAM (DVD-RAM) have 
concentric or spiral tracks including groove and land tracks. A wobble signal is recorded on the 
tracks. A track on which the wobble signal is recorded is called a wobbled track. The wobble 
signal is used in recording an auxiliary clock signal obtaining synchronization information while 
recording and reproducing information. Hence, the wobble signal has a frequency band that 
has no impact upon a tracking servo-mechanism provided in a recording and/or reproducing 
apparatus. The DVD specifications for Rewritable Disc Version 2.0 support a servo band of 
approximately 3 KHz to radially track and a wobble signal frequency of approximately 157 KHz 
at standard linear velocity. 

[0004] User data is recorded on a wobbled track by an optical pickup. To record user data 
using a laser beam, an optical pickup provided in a recording apparatus and oscillating a 
recording laser is allowed to move to a desired location . To this end, addressing information 
used to move the pickup to its desired location is recorded on an optical disc. Here, addressing 
information refers to identification information assigned for each unit recording block when an 
information track is divided into a plurality of unit recording blocks. 




* 


[0005] A representative conventional approach to record addressing information on an 
optical disc involves recording addressing information on a header region provided separately 
from tracks on which user data is written. FIG. 1 is a schematic diagram of a conventional 
optical disc. Referring to FIG. 1, the conventional optical disc has tracks including groove and 
land tracks where user data can be written, and a header region where header information is 
recorded in the form of pre-pits. The header region is located at a predefined position in a 
sector (unit recording block), and addressing information recorded in the header region is used 
to allow a pick-up device provided in a recording and/or reproducing apparatus to easily move to 
its desired location. Furthermore, the addressing information can identify information such as a 
sector number, a sector type, and servo-control information recorded in the header region. 

[0006] Header information recording supported by the 1999 DVD-RAM standard version 2.0 
uses Complementary Allocated Pit Address (CAPA) techniques. According to CAPA 
techniques, as shown in FIG. 1, header information is recorded in pairs, each pair of information 
deviating to the right and left of the center of an information track by a half-track. 

[0007] However, providing an extra header region complicates the fabrication process of an 
optical disk while requiring an additional circuit to compensate for a wobble signal, since the 
wobble signal cannot be obtained while a pick-up device passes the header region. 

Furthermore, in spite of an increased demand for high-density recording media due to the use of 
multimedia contents, providing an extra header region results in a smaller region in which user 
data can be recorded. 

SUMMARY OF THE INVENTION 

[0008] Accordingly, it is an object of the present invention to provide an optical recording 
medium on which a wobble signal is recorded, an apparatus and method of recording the 
wobble signal, and an apparatus and method of reproducing the wobble signal, which are 
capable of recording more user data. 

[0009] It is another object of the present invention to provide an optical recording medium on 
which a wobble signal is recorded, an apparatus and method of recording the wobble signal, 
and an apparatus and method of reproducing the wobble signal, which are capable of extracting 
header information while providing a more stable clock signal. 
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[0010] Additional objects and advantages of the invention will be set forth in part in the 
description which follows and, in part, will be obvious from the description, or may be learned by 
practice of the invention. 

[0011] The foregoing objects of the present invention are achieved by providing an optical 
recording medium including a wobbled track on which user data is recorded. A wobble signal 
recorded on the wobbled track is a single-frequency signal having edge-modulated first header 
information. 

[0012] Additionally, second header information may be provided, which is phase-modulated 
and/or third header information may be provided, which is amplitude-modulated in at least a part 
of an interval of the wobble signal where the first header information has been edge-modulated. 
The header information contains addressing information. 

[0013] The above and other objects of the present invention may also be achieved by 
providing an apparatus recording a wobble signal on an optical recording medium. The 
apparatus comprises: a wobble signal generator generating a single-frequency wobble signal 
having header information which is edge-modulated based on first and second carrier signals 
having the same frequency but different edge waveforms; and a recording unit recording the 
wobble signal generated by the wobble signal generator on the optical recording medium. 

[0014] The wobble signal generator comprises: a clock generator generating a clock signal; a 
carrier signal generator generating first and second carrier signals based on the clock signal; 
and an edge-modulator that receives header information and edge-modulates the header 
information using the first and second carrier signals output from the carrier signal generator 
based on the clock signal. The edge-modulator transforms high and low levels of digital data 
representing the header information into the first and second carrier signals, respectively, to 
modulate the digital data into an analog signal. 

[0015] The above and other objects of the present invention may also be achieved by 
providing an apparatus recording a wobble signal on an optical recording medium comprising: a 
wobble signal generator generating a single-frequency wobble signal having first and second 
header information, wherein the first header information is edge-modulated based on first and 
second carrier signals having the same frequency but different edge waveforms with respect to 
each other, and the second header information is phase-modulated based on the first or second 
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carrier signal; and a recording unit recording a wobble signal generated by the wobble signal 
generator on the optical recording medium. 

[0016] The wobble signal generator comprises: a carrier signal generator generating the first 
and second carrier signals; an edge-modulator edge-modulating the first header information 
using the first and second carrier signals; a phase-modulator phase-modulating the second 
header information using the first or second carrier signal; and a signal synthesizer that 
combines the edge-modulated signal output from the edge-modulator with the phase-modulated 
signal output from the phase-modulator and outputs the single-frequency wobble signal. 

[0017] The above and other objects of the present invention may also be achieved by 

providing a method of recording a wobble signal on an optical recording medium. The method 
comprises: generating first and second carrier signals having the same frequency but different 
edge waveforms; generating a single-frequency wobble signal having header information which 
is edge-modulated using the generated first and second carrier signals; and recording the 
generated single-frequency wobble signal. 

[0018] The operation of generating a single-frequency wobble signal as above comprises the 
operations of. generating a clock signal; and edge-modulating header information using the first 
and second carrier signals in accordance with the generated clock signal. In the operation of 
edge-modulating header information, high and low levels of digital data representing header 
information are transformed into the first and second carrier signals, respectively, to modulate 
the digital data into an analog signal. 

[0019] The above and other objects of the present invention may also be achieved by 
providing a method of recording a wobble signal on an optical medium comprising the 
operations of: generating first and second carrier signals having the same frequency but 
different edge waveforms with respect to each other; generating a single-frequency wobble 
signal having first header information which is edge-modulated using the generated first and 
second carrier signals and second header information which is phase-modulated using the first 
or second carrier signal; and recording the generated single-frequency wobble signal. The 
operation of generating a single-frequency wobble signal comprises the operations of 
generating a clock signal; using the first and second carrier signals to edge-modulate the first 
header information in accordance with the generated clock signal; using the first or second 
carrier signal to phase-modulate the second header information in accordance with the 
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generated clock signal; and overlapping the edge-modulated signal and the phase-modulated 
signal to generate the single-frequency wobble signal. 

[0020] The above and other objects of the present invention may also be achieved by 
providing a method of reproducing header information from a wobble signal recorded on an 
optical recording medium. The method comprises the operation of: reading a single-frequency 
wobble signal having header information which is edge-modulated by using first and second 
carrier signals having the same frequency but different edge waveforms; generating duty signals 
for the read wobble signal; and comparing the duty signals to extract header information. 

[0021] The operation of generating duty signals further comprises the operations of: 
generating duty signals at upper levels of the read wobble signal which are higher than central 
levels thereof by predetermined levels; and generating duty signals at lower levels of the read 
wobble signal which are lower than the central levels of the read wobble signal by 
predetermined levels. The operation of comparing the duty signals comprises the operations of: 
comparing duty ratios of the duty signals generated in the operations of generating duty signals 
of the upper and lower levels of the read wobble signal to output binary data; and extracting the 
header information from the output binary data. 

[0022] The above and other objects of the present invention may also be achieved by 
providing a method of reproducing header information from a wobble signal recorded on an 
optical recording medium comprising: reading a single-frequency wobble signal having header 
information which is edge-modulated using first and second carrier signals having the same 
frequency but different edge waveforms; detecting levels of the read wobble signal at a 
predetermined phase; and comparing the detected levels with a predetermined reference value 
to extract header information. The operation of comparing the detected levels with a 
predetermined reference value in this embodiment comprises the operations of comparing the 
detected levels with a predetermined reference value to output binary data; and demodulating 
the output binary data to extract header information. 

[0023] The above and other objects of the present invention may also be achieved by 
providing a method of reproducing header information from a wobble signal recorded on an 
optical recording medium comprising: reading a single-frequency wobble signal having header 
information which is edge-modulated using first and second carrier signals having the same 
frequency but different edge waveforms; generating a differential signal from the read wobble 
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signal; and extracting header information based on the generated differential signal. The 
operation of extracting header information in this embodiment comprises the operations of: 
detecting an upper envelope signal of the differential signal; detecting a lower envelope signal of 
the differential signal; and extracting header information based on the upper and lower envelope 
signals. The operation of extracting header information based on the upper and lower envelope 
signals comprises the operations of obtaining a difference signal by subtracting the lower 
envelope signal from the upper envelope signal; comparing the level of the obtained difference 
signal with a predetermined reference value to output binary data; and demodulating the output 
binary data to extract header information. 

[0024] The above and other objects of the present invention may also be achieved by 
providing an apparatus reproducing header information from a wobble signal. The apparatus 
comprises: a wobble signal reading unit reading a single-frequency wobble signal having header 
information which is edge-modulated using first and second carrier signals having the same 
frequency but different edge waveforms with respect to each other; a duty signal generator 
generating duty signals from the read wobble signal; and a header information extractor 
comparing the generated duty signals and extracting header information. 

[0025] The duty signal generator in this embodiment generates duty signals at upper levels 
of the read wobble signal which are higher than central levels thereof by predetermined levels 
and at lower levels of the read wobble signal which are lower than the central levels thereof by 
predetermined levels. The header information extractor in this embodiment comprises: a 
comparator comparing duty ratios of corresponding duty signals generated by the duty signal 
generator and outputting binary data; and a demodulator demodulating the header information 
from the binary data output by the comparator. 

[0026] The above and other objects of the present invention may also be achieved by 
providing an apparatus reproducing header information from a wobble signal comprising: a 
wobble signal reading unit reading a single-frequency wobble signal having header information 
which is edge-modulated using first and second carrier signals having the same frequency but 
different edge waveforms; a level detector detecting levels of the read wobble signal at a 
predetermined phase; and a header information extractor extracting header information by 
comparing the detected levels with a predetermined reference value. 
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[0027] The header information extractor in this embodiment comprises: a comparator 
comparing the detected levels with a predetermined reference value and outputting binary data; 
and a demodulator demodulating the binary data output by the comparator and extracting 
header information. 

[0028] The above and other objects of the present invention may also be achieved by 
providing an apparatus reproducing header information from a wobble signal comprising: a 
wobble signal reading unit reading a single-frequency wobble signal having header information 
which is edge-modulated using first and second signals having the same frequency but different 
edge waveforms with respect to each other; a differentiator generating a differential signal for 
the read wobble signal; and a header information extractor extracting header information based 
on the generated differential signal. 

[0029] The header information extractor in this embodiment comprises an envelope detector 
detecting upper and lower envelope signals from the differential signal, wherein the header 
information extractor extracts header information based on the upper and lower envelope 
signals detected by the envelope detector. The header information extractor further comprises: 
an operator obtaining a difference signal of the upper and lower envelope signals; a comparator 
comparing the level of the difference signal obtained by the operator with a predetermined 
reference value and outputting binary data; and a demodulator demodulating the output binary 
data and extracting header information. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] These and other objects and advantages of the present invention will become 
apparent and more readily appreciated from the following description of the embodiments, taken 
in conjunction with the accompany drawings of which: 

FIG. 1 is a schematic diagram of a conventional optical disc; 

FIGS. 2A and 2B are schematic diagrams of an optical recording medium according to 
an embodiment of the present invention; 

FIGS. 3A and 3B are examples of the information track of FIG. 2; 

FIG. 4 is a block diagram of a wobble signal recording apparatus according to the 
present invention; 

FIG. 5 is a detailed block diagram of the wobble signal recording apparatus of FIG. 4 
according to an embodiment of the present invention; 
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FIGS. 6A and 6B shows schematic waveforms of first and second signals generated by 
the carrier signal generator of FIG. 5; 

FIG. 7 shows schematic waveform of a wobble signal edge-modulated by the first and 
second signals of FIGS. 6A and 6B; 

FIG. 8 is a flowchart of a wobble signal recording method according to the embodiment 
of FIG. 5; 

FIG. 9 is a detailed block diagram of the wobble signal recording apparatus of FIG. 4 
according to another embodiment of the present invention; 

FIGS. 10A through 10C show schematic waveforms of signals generated by the wobble 
signal generator of FIG. 9; 

FIG. 11 is a flowchart of a wobble signal recording method according to the embodiment 
of FIG. 9; 

FIGS. 12A and 12B are reference diagrams showing other examples of wobble signals 
according to the present invention; 

FIG. 13 is an example of addressing information in a header information region on which 
a wobble signal according to the present invention is recorded; 

FIG. 14 is a block diagram of a header information detection apparatus according to 
another embodiment of the present invention; 

FIG. 15 is a reference diagram explaining a process generating a duty signal in the duty 
signal generator 12 of FIG. 14; 

FIG. 16 is a flowchart of a header information extraction method according to the 
embodiment of FIG. 14; 

FIG. 17 is a block diagram of a header information detection apparatus according to 
another embodiment of the present invention; 

FIG. 18 is a reference diagram explaining a level detection method performed by the 
level detector 17 of FIG. 17; 

FIG. 19 is a flowchart of a header information extraction method according to the 
embodiment of FIG. 17; 

FIG. 20 is a block diagram of a header information detection apparatus according to 
another embodiment of the present invention; 

FIG. 21 is a reference diagram explaining signals output from the header information 
detection apparatus of FIG. 20; 
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FIG. 22 is a flowchart of a header information extraction method according to the 
embodiment of FIG. 20; and 

FIG. 23 is a flowchart explaining an example of the operations shown in FIG. 22. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0031] Reference will now be made in detail to the embodiments of the present invention, 
examples of which are illustrated in the accompanying drawings, wherein like reference 
numerals refer to the like elements throughout. The embodiments are described below in order 
to explain the present invention by referring to the figures. 

[0032] Referring to FIGS. 2A and 2B, concentric (FIG. 2A) or spiral (FIG. 2B) tracks including 
land and groove tracks are formed on an optical disk according to an embodiment of the present 
invention. A wobble signal is recorded on the tracks. The wobble signal is used in recording an 
auxiliary clock signal to obtain synchronization information while recording and reproducing 
information. The wobble signal has a frequency band that has no impact upon a tracking 
servo-mechanism provided in a recording and/or reproducing apparatus. 

[0033] As shown in FIGS. 3A and 3B, when forming a groove track using a laser beam 
during a process to manufacture a substrate of an optical disc, i.e., a mastering process, a 
wobble signal is recorded by adding a predetermined amount of offset to the right and left of the 
laser beam to change the shape of both walls of the groove track. While the wobble signal is 
recorded along both walls of the groove track in FIG. 3A, it is recorded on only one wall of the 
groove track in FIG. 3B. In this way, the wobble signal according to the present invention may 
be recorded on one wall or both walls of the track. 

[0034] Referring to FIG. 4, a wobble signal recording apparatus according to the present 
invention includes a wobble signal generator 4 and a recording unit 5. The wobble signal 
generator 4 generates a wobble signal according to the present invention. That is, the wobble 
signal generator 4 uses first and second signals having a same frequency and different edge 
waveforms with respect to each other, to edge-modulate header information, thereby generating 
a single-frequency wobble signal having the header information. The recording unit 5 records 
the wobble signal generated by the wobble signal generator 4 on an optical recording medium 
400. To accomplish this, the recording unit 5 includes a pickup device having a laser diode 
emitting a laser beam. 
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[0035] FIG. 5 is a detailed block diagram of the wobble signal recording apparatus of FIG. 4 
according to an embodiment of the present invention. Referring to FIG. 5, the wobble signal 
generator 4 includes a clock generator 41, a carrier signal generator 42, and an edge-modulator 
43. The clock generator 41 generates a clock signal. The carrier signal generator 42 generates 
first and second carrier signals based on the clock signal received from the clock generator 41. 
The first and second carrier signals generated by the carrier signal generator 42 have the same 
frequency but different edge waveforms with respect to each other. The edge-modulator 43 
receives header information and edge-modulates the header information using the first and 
second carrier signals, which are carrier signals generated by the carrier signal generator 42 
based on the clock signal. Here, the header information contains addressing information. 

[0036] FIGS. 6A and 6B show waveforms of the first and second carrier signals generated by 
the carrier signal generator 42 of FIG. 5 according to this embodiment, respectively. Referring 
to FIGS. 6A and 6B, the first and second carrier signals have the same frequency but different 
edge waveforms with respect to each other. In particular, the second carrier signal is a sine 
wave. If a pure wobble interval where a wobble signal has no header information exists, the 
pure wobble interval is preferably represented with the second carrier signal. 

[0037] FIG. 7 is a schematic waveform of a wobble signal edge-modulated by the first and 
second carrier signals of FIGS. 6A and B. Referring to FIG. 7, if the header information is 
represented by digital data, i.e., in the form of a bit string “10101010”, high level “1” and low 
level “0” correspond to the first and second carrier signals, respectively. That is, the wobble 
signal according to this embodiment is edge-modulated using the first and second carrier 
signals. 

[0038] Based on the above configuration, a wobble signal recording method according to the 
embodiment of FIG. 5 will now be described. FIG. 8 is a flowchart of a wobble signal recording 
method according to the embodiment of FIG. 5. Referring to FIG. 8, the clock generator 41 
generates a clock signal (operation 801). The carrier signal generator 42 generates first and 
second carrier signals having the same frequency but different edge waveforms with respect to 
each other based on the clock signal (operation 802). The edge-modulator 43 receives header 
information and edge-modulates the header information, thereby generating a single-frequency 
wobble signal (operation 803). The recording unit 5 records the generated wobble signal on 
the optical disc 400 (operation 804). 
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[0039] FIG. 9 is a detailed block diagram of the wobble signal recording apparatus of FIG. 4 
according to another embodiment of the present invention. Referring to FIG. 9, the wobble 
signal generator 4 of the wobble signal recording apparatus includes a clock generator 91, a 
carrier signal generator 92, an edge-modulator 93, a phase-modulator 94, and a signal 
synthesizer 95. The clock generator 91 generates a clock signal. The carrier signal generator 
92 generates one or more carrier signals based on the clock signal received from the clock 
generator 91. The edge-modulator 93 receives first header information and edge-modulates the 
first header information using one carrier signal based on the clock signal. The phase- 
modulator 94 receives second header information and phase-modulates the second header 
information using one carrier signal based on the clock signal. The signal synthesizer 95 
combines the edge-modulated signal with the phase-modulated signal to generate a wobble 
signal according to this embodiment. Then, the recording unit 5 records the generated wobble 
signal on the optical disc 400. Here, each of the first and second header information contains 
addressing information. Since one wobble signal can have the first and second header 
information, a greater amount of header information can be recorded through a wobble signal. 
Decreasing the size of the header information interval of the wobble signal and increasing the 
size of a pure wobble interval where a sine wave propagates enable a clock signal to be 
detected more stably. Furthermore, if any parts of the first and second header information are 
the same, this increases the redundancy of header information in the wobble signal, thus 
reducing occurrences of a detection error. 

[0040] FIGS. 10A-10C show schematic waveforms of signals generated by the wobble signal 
generator 4 of FIG. 9. FIG. 10A is a signal edge-modulated by the edge-modulator 93 when a 
first header information bit string representing first header information by a digital signal is “101”, 
FIG. 10B is a signal phase-modulated by the phase-modulator 94 when a second header 
information bit string representing second header information by a digital signal is “010”, and 
FIG. 10C is a signal produced by combining the edge-modulated signal for the first header 
information bit string “101” with the phase-modulated signal for the second header information 
bit string “010”. 

[0041] Based on the above configuration, a wobble signal recording method according to the 
embodiment of FIG. 9 will now be described with reference to FIG. 11. Referring to FIG. 11, the 
clock generator 91 generates a clock signal (operation 1101). The carrier signal generator 92 
generates first and second carrier signals having the same frequency but different edge 
waveforms with respect to each other based on the dock signal (operation 1102). The 
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edge-modulator 93 receives first header information and edge-modulates the first header 
information using the first and second carrier signals (operation 1103). The phase-modulator 
94 receives second header information and phase-modulates the second header information 
using the first or second carrier signals (operation 1104). The signal synthesizer 95 combines 
the edge-modulated signal of FIG. 10A with the phase-modulated signal of FIG. 10B to generate 
the single-frequency wobble signal of FIG. 10C according to this embodiment (operation 1105). 
The recording unit 5 records the generated wobble signal on the optical disc 400 (operation 
1106). 

[0042] FIGS. 12A-12D and 12E-12G are reference diagrams explaining other examples of 
wobble signals according to the present invention. FIG. 12A is a signal produced by edge- 
modulating a first header information bit string, FIG. 12B is a signal produced by phase- 
modulating a second header information bit string, and FIG. 12C is a signal produced by 
amplitude-modulating a third header information bit string. The amplitude-modulated signal 
FIG. 12C is represented by a sine wave in which the high level “1” and the low level “0” have the 
same waveform and frequency, but a part of the high level “1” interval has an amplitude of 0. 
That is, the number of one-period waveforms in a signal representing the high level “1” is 
different from that in a signal representing the low level “0”. FIG. 12D is a wobble signal 
produced by synthesizing the edge-modulated signal FIG. 12A, the phase-modulated signal 
FIG. 12B, and the amplitude-modulated signal FIG. 12C. Since one wobble signal contains first 
through third header information as described above, an increased amount of header 
information can be recorded with the wobble signal. Similar to FIGS. 10A-10C, if any parts of 
the first, second or third header information are identical to each other, the redundancy of 
header information is increased while occurrences of a detection is reduced. 

[0043] Referring to FIGS. 12E-12G, FIG. 12E is a signal produced by edge-modulating a first 
header information bit string, FIG. 12F is a signal produced by amplitude-modulating a second 
header information bit string, and FIG. 12G is a wobble signal produced by combining the edge- 
modulated signal FIG. 12E with the amplitude-modulated signal FIG. 12F. Similar to 
FIGS. 12A-12D, since the wobble signal has the first and second header information, an 
increased amount of header information can be recorded through the wobble signal. 
Furthermore, similar to FIGS. 10A-10C, if any parts of the first and second header information 
are identical to each other, the redundancy of header information is increased while occurrences 
of a detection is reduced. 
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[0044] FIG. 13 is an example of addressing information having a physical identification data 
(PID) structure at a header information interval in which a wobble signal according to the 
present invention is recorded. Referring to FIG. 13, a wobble signal having header information 
comprised of four header fields within one error correction code (ECC) block (having the 
capacities of 64 or 32 KB in this embodiment) is recorded on an optical disc according to the 
present invention. Each header field may contain synchronization data detecting an identifier 
ID, a PID region in which addressing information is stored for each sector, and an ID error 
detection (IED) region in which error detection information about identifier IDs is stored. 

[0045] FIG. 14 is a block diagram of a header information detection apparatus according to 
another embodiment of the present invention. Referring to FIG. 14, the header information 
detection apparatus comprises a wobble signal reading unit 11, a duty signal generator 12, and 
a header information extractor 13. The wobble signal reading unit 11 reads a wobble signal 
from an optical recording medium 1400. The duty signal generator 12 generates a duty signal 
from the read wobble signal. More specifically, the duty signal generator 12 according to this 
embodiment generates a duty signal at an upper level, which is higher than a central level of the 
read wobble signal by a predetermined level, and a duty signal at a lower level, which is lower 
than the central level of the read wobble signal by a predetermined level. The header 
information extractor 13 includes a comparator 131 and a demodulator 132 in order to extract 
header information by comparing the duty signals. The comparator 131 compares duty ratios of 
corresponding duty signals generated by the duty signal generator 12 and generates binary 
data. The demodulator 132 demodulates header information from the binary data generated by 
the comparator 131. A demodulation method performed by the demodulator 132 is determined 
depending on a method of header information encoding. For example, if the wobble signal has 
header information bi-phase encoded and then edge-modulated according to the present 
invention, the demodulator 132 extracts the header information through bi-phase decoding. 

[0046] FIGS. 15A-15D are reference diagrams explaining a process that generates a duty 
signal in the duty signal generator 12. FIG. 15A is a schematic waveform of a wobble signal 
composed of the first signal used in edge-modulation, and FIG. 15B is a schematic waveform of 
a wobble signal composed of the second signal used in edge-modulation. The duty signal 
generator 12 generates duty signals at central levels C-i and C 2 of the read wobble signals 15A 
and 15B, at upper levels Ih and U 2 , which are higher than the central levels C-i and C 2 by a 
predetermined level, respectively, and at lower levels Li and L 2 , which are lower than the central 
levels Ci and C 2 by a predetermined level, respectively. FIG. 15C shows duty signals Ct, Ui and 
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h generated on the basis of the first signal, and FIG. 15D shows duty signals c 2 , u 2 and l 2 
generated on the basis of the second signal. As shown in FIGS. 15A-15D, the duty ratio of the 
duty signal u■, is larger than that of the duty signal u 2 , while the duty ratio of the duty signal U is 
smaller than that of the duty signal l 2 . Since the duty signals U! and h generated from the first 
signal are different from the duty signals u 2 and l 2 generated from the second signal, binary data 
can be detected through the duty ratios of the duty signals c^ Ut and h and c 2 , u 2 and l 2 . Here, a 
level for detecting a duty signal is preferably determined as an appropriate value through a test. 

[0047] Based on the above configuration, a header information extraction method according 
to the embodiment of FIG. 14 will now be described with reference to FIG. 16. Referring to 
FIG. 16, the wobble signal reading unit reads a wobble signal from the optical recording medium 
1400 (operation 1601). The duty signal generator 12 generates duty signals for predetermined 
levels of the read wobble signal (operation 1602). The comparator 131 detects the duty ratios 
of the generated duty signals to detect binary data based on the duty ratios (operation 1603). 
The demodulator 132 demodulates header information from the detected binary data (operation 
1604). 

[0048] FIG. 17 is a block diagram of a header information detection apparatus according to 
another embodiment of the present invention. Referring to FIG. 17, the header information 
detection apparatus comprises a wobble signal reading unit 16, a level detector 17, and a 
header information extractor 18. The wobble signal reading unit 16 reads a wobble signal from 
an optical recording medium 1700. The level detector 17 detects levels of the read wobble 
signal. More specifically, the level detector 17 detects a level at an instant which is a 
predetermined time in advance of or behind the time when amplitude of the read wobble signal 
is zero. The header information extractor 18 includes a comparator 181 and a demodulator 182 
in order to extract the header information by comparing the detected levels. The comparator 
181 compares the levels detected by the level detector 17 to create binary data, and the 
demodulator 182 demodulates header information from the binary data created by the 
comparator 181. Similarly, a demodulation method performed by the demodulator 182 is 
determined depending on which method is used in header information encoding. For example, 
if the header information of the wobble signal is bi-phase encoded and then edge-modulated 
according to the present invention, the demodulator 182 extracts the header information through 
bi-phase decoding. 
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[0049] FIG. 18 is a reference diagram explaining a level detection method performed by the 
level detector 17 of FIG. 17. Referring to FIG. 18, the level detector 17 detects a level at the 
instant, which is a predetermined time in advance of or behind the instant that amplitude of the 
read wobble signal is zero. As shown in FIG. 18, the level of a first signal having a trapezoidal 
waveform at predetermined points in time -t 0 and to is b, and the level of a second signal having 
a sinusoidal waveform at the same points in time -t 0 and t 0 is a, where a is less than b. Thus, 
the levels of the first and second signals at the predetermined points in time -to and to are 
compared directly with each other, or the detected levels are compared with an appropriate 
reference value determined between a and b, thereby generating binary data. 

[0050] Based on the above configuration, a header information extraction method according 
to the embodiment of FIG. 17 will now be described with reference to FIG. 19. Referring to 
FIG. 19, the wobble signal reading unit 16 reads a wobble signal from the optical recording 
medium 1700 (operation 1901). The level detector 17 detects the level of the read wobble 
signal at a predetermined phase (operation 1902). The comparator 181 compares the detected 
levels with a predetermined reference value to detect binary data based on the comparison 
result (operation 1903). The demodulator 182 demodulates header information from the 
detected binary data (operation 1904). 

[0051] FIG. 20 is a block diagram of a header information extraction apparatus according to 
yet another embodiment of the present invention. Referring to FIG. 20, the header information 
extraction apparatus comprises a wobble signal reading unit 19, a differentiator 20, and a 
header information extractor 21. 

[0052] The wobble signal reading unit 19 reads a wobble signal from an optical reading 
medium 2000. The differentiator 20 generates a differential signal. The header information 
extractor comprises an envelope detector 211, an operator 212, a comparator 213, and a 
demodulator 214. The envelope detector 211 detects upper and lower envelope signals of the 
differential signal from the differentiator 20. The operator 212 subtracts the lower envelope 
signal from the upper envelope signal to obtain a difference signal. The comparator 213 
compares the level of the difference signal obtained by the operator 212 with a predetermined 
reference value to create binary data. The demodulator 214 demodulates the created binary 
data to extract header information. Similarly, a demodulation method performed by the 
demodulator 214 is determined depending on a method of header information encoding. For 
example, if the header information of the wobble signal is bi-phase encoded and then edge- 
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modulated according to the present invention, the demodulator 214 extracts the header 
information through bi-phase decoding. 

[0053] FIGS. 21A through 21D are reference diagrams explaining signals output from the 
header information extraction apparatus of FIG. 20. FIG. 21A is an edge-modulated wobble 
signal read by the wobble signal reading portion 19 and FIG. 21B is a differential signal obtained 
from the wobble signal of FIG. 21A by the differentiator 20. FIG. 21C shows upper and lower 
envelope signals detected for the differential signal of FIG. 21B by the envelope detector 211, 
and FIG. 21D is a difference signal produced by subtracting the lower envelope signal from the 
upper envelope signal. The difference signal is compared with the wobble signal of FIG. 21A to 
extract binary data in the wobble signal from the difference signal. 

[0054] Based on the above configuration, a header information extraction method according 
to the embodiment of FIG. 20 will now be described with reference to FIG. 22. Referring to 
FIG. 22, the wobble signal reading unit 19 reads the wobble signal shown in FIG. 21A from the 
optical recording medium 2000 (operation 2201). The differentiator 20 generates the 
differential signal shown in FIG. 21B from the read wobble signal ( operation 2202). The 
envelope detector 211 detects an envelope signal or the generated differential signal ( operation 
2203). The header information detector 21 performs a predetermined operation on the detected 
envelope signal to extract header information (operation 2204). 

[0055] FIG. 23 is a flowchart explaining an example of the operations 2203 and 2204 shown 
in FIG. 22. Referring to FIG. 23, during the operation 2203 of FIG. 22, the envelope detector 
211 of FIG. 20 detects an upper envelope signal of the differential signal (operation 2301) and 
then a lower envelope signal thereof (operation 2302). The operator 212 outputs a difference 
signal of the upper and lower envelope signals (operation 2303). The comparator 213 
compares the level of the difference signal with a predetermined reference value to output 
binary data (operation 2304). The demodulator 214 demodulates the output binary data to 
extract header information (operation 2305). Here, a demodulation method to be adopted by 
the demodulator 214 is determined in accordance with a modulation method adopted during the 
recording operation. 

[0056] As described above, the present invention records a wobble signal generated by 
modulating header information using carrier signals having the same frequency, thereby 
extracting the header information from the wobble signal while detecting a clock signal more 
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stably. Furthermore, multiple header information can be recorded in the same interval of the 
wobble signal, thereby increasing the recording density of header information. 

[0057] Although a few embodiments of the present invention have been shown and 
described, it will be appreciated by those skilled in the art that changes may be made in these 
embodiments without departing from the principles and spirit of the invention, the scope of 
which is defined in the appended claims and their equivalents. 
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